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seized with illness, and is unfortunately unable to be present to
personally give us the paper, which will be read by the Secretary.

The following paper was then read by the SECRETARY :—

UNDERGROUND CONDUITS AND ELECTRICAL

CONDUCTORS.

By JOHN B. VERITY, Member.

My object in bringing this subject before you this evening is
to promote an interchange of opinion and experience concerning
one of the few remaining problems connected with the general
distribution of electricity in our cities. Since I began to write
this paper on my return from America, much information has
appeared in the electrical press, and the close attention
now being paid to the matter in America is equalled by a like
spirit of inquiry here. The outcry against overhead wires has
been gaining in force; and although the numerous objections
urged are devoid of solid grounds, there is a general feeling that
any considerable extension of overhead cables for electric lighting
is impossible, both on account of the difficulty, and no incon-
siderable expense, in procuring way-leaves, and also the
attitude taken up by the Board of Trade and others to put a stop
to them. Overhead wires in this country may therefore be simply
considered as a temporary measure to admit of the electric
supply companies getting to work, and permitted only on the
distinct pledge of the removal of such wires within a certain
period.

The time allowed for the execution of underground works in
Provisional Orders and Licenses, although as long a period as
could be obtained, is all too short, and a thorough discussion of
the subject at the present time, in its numerous aspects, is
highly advisable to enable it to be afterwards promptly and
adequately dealt with.

In three months we may reasonably conceive that certain,
electric supply companies will be under legal obligations to at
once face the problem of putting high-tension electric conductors
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underground. It will be no petty attempt narrowed down to a
small area, but in two special instances the undertaking is
proposed to be carried out on a large scale by companies of
adequate financial resources, and with supply stations already
erected or in process of erection.

" Is failure probable ? " may seem a singular question to put
here, but it is a necessary one, leading up to the various
difficulties to be encountered, and, in view of the alarmist state-
ments at the recent Electrical Convention in Chicago, one that
deserves prominence. Mr. Lynch's paper giving the results of
the working of underground cables, and which was practically
the only part of the meeting reported in the English papers,
showed but one side of the case, and from the discussion fol-
lowing it (and which appeared in the Electrical World, March 2)
much was to be learned. Many of the companies operating
underground cables had from some cause or other not given their
opinions, and the failures alluded to were in several instances
traced to defective conduits, insufficiency of insulation, poor
insulation, imperfect jointing, and cheap work. Cheap work has
damned electrical enterprise before now, and it behoves us all to
guard against a recurrence of it. Anything also on the subject of
conduits and underground electric conductors emanating from
American electricians has to be carefully sifted, as not even are
our Unionists and Home Rulers more defined than certain
" overhead " and " underground " men in America. The overhead
men accuse all the underground men of being interested in some
of the dozen forms of conduits put forth; the underground men
retaliate by saying, " You don't want to go underground," and
" You boldly say we cannot go underground."

In England we stand on a different footing altogether: if
much more electric lighting work is to be done we must go
underground; and having recognised that, how can it best be
done ? The necessity and best form of conduits are the first
points for discussion.

The successful working of a system of underground electrical
cables in a city must be linked to an arrangement of ducts, as the
impossibility, without such, of getting at the cables for repairs,
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inspection, tapping, and alterations is evident. Even if the local
authorities remained quiescent during any continual disturbance
of our streets on account of electrical conductors, commercial
interest must prevent such occurring. The expense of opening
up a crowded thoroughfare to lay underground cables is in many
cases as great as the cost of whatever is being laid, while by
using a duct this expense, once incurred, should not be again
necessary. Again, if the cable be laid in the ground without a.
duct, it is necessary to armour it, and lay it down at first equal to
all possible requirements, otherwise any extension of the lighting
beyond the capacity of the cable would necessitate a repetition
of the whole original work. In this case the first cost of such a.
large cable would be nearly as great as the smaller cable and duct
together. Finally, the life of the best cable for high-tension,
currents cannot at the present be predicted; and this, together
with the other reasons, undoubtedly proves that a conduit with a-
drawing in and out system is eminently desirable.

An ideal system for underground work is a brick subway, well
drained and ventilated, and of sufficient size to permit of a man
working in it. Failing this Utopian arrangement, what comes
next best ? In New York, where the matter has been placed in
the hands of a Board of Electrical Control, they start out by
saying that a conduit or subway for electrical conductors is
nothing more than a mechanical protection for the wires within
it, and a convenience for placing or putting them underground.
In their experience of three years the Board of Electrical
Control have naturally tried and abandoned many conduits. In>
a room of the Telephone Building, New York, occupied by the-
Subway Construction Corporation, there is a heap of experience—
experience gained at no little cost—that it would be of advantage
for engineers who lightly propose undertaking such work tot
see and meditate on. Wooden conduits, bitumen conduits,
asphalte conduits, earthenware conduits, samples of underground-
conductors—all are here in what is termed the museum, and
afford a collection of failures most instructive, as to what not
to do.

In many instances, however, the conditions there would not
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apply to England. At present we have no system of steam-
heating with leaky pipes, causing trouble wherever they go.
Again, here we have not those great extremes of heat and cold,
the frost compelling conduits to be laid at an average depth of
four feet, and the heat causing various troubles with asphalte
and bitumen conduits.

At the same time, from the number of miles of conduits laid
down there should be something to learn, and I therefore pro-
pose instancing some of the more important conduits known in
America and elsewhere.

Conduits are divided into two classes—the so-called solid
conduit, and the hollow conduit. Solid conduits are useless con-
sidering here, as they practically consist of cables bedded in
asphalte or bitumen, which means ripping up the ground and
breaking the enclosing mass if alterations are required. With
hollow conduits, the difficulties to be encountered seem to be to
provide a smooth channel with convenience for drawing in and
out to prevent explosions through accumulation of gas, and to
keep them reasonably dry and water-tight.

In the discussion at Chicago it was stated that in one instance
it was necessary to keep a blower going to ventilate an iron
conduit, while several authorities appear to consider it advisable
on dry days to take off the manhole covers. Accidents have, of
course, occurred from conduit explosions, and the engineer of
the United States Electric Lighting Company instances one where
the manhole covers of the conduit were blown over the roof of a
four-storied building. But in England, again, the work done
by the gas companies is far better, and the leakage in our
streets is not in any way to be compared with the quantity of
illuminating gas which wanders, fancy free, through the soil of
many of the cities in the States.

It appears desirable that conduits should be ventilated; and
the form adopted, where possible, is to ventilate them by means
of a pipe running into the base or up the interior of the street
lamp-posts. With regard to keeping them water-tight, this
is another constructional question, surely capable of being
properly dealt with.
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Many of the complaints of leaky conduits and ultimate failure
of cables I trace back to the Dorsett conduit.

This, one of the earliest forms of conduits, is built of blocks
formed of a combination of coal-tar pitch and fine gravel, cast
with tubular openings 2\ in. in diameter running through them
from end to end. They are jointed by pouring soft mastic into the
cracks between them, and the blocks made to adhere to this by
warming their ends with hot irons and allowing them to cool,
after being well set. To prevent the melted mastic from closing
the ends of the passages, tubular pieces of paper are inserted,
making a sort of internal sleeve coupling. The conduit so formed
terminates in brick manholes at the street crossings. The
objections to this conduit are that it is brittle, porous, inelastic,
and cracks with changes of temperature, so that it is not likely to
be made water-tight with average workmanship.

Creosoted wood conduits have been extensively used in the
States, and have been a leading cause of trouble and failure with
lead-covered cables. A chemical action takes place between the
crude creosote and the wood, setting free acetic acid and carbonic
acid gas, which, re-acting on the lead pipe, converts its surface
into a film of acetate of lead; the action continuing until the
entire sheathing is converted into carbonate of lead, or white lead.
Creosote is also said to rot rubber. There are, of course, ways of
overcoming such troubles; but as I do not think we shall be
disposed to use creosoted wood conduits in this country, the
matter need not" be given much prominence here.

The difficulty of obtaining a conduit that shall be anything
more than a mechanical protection for the cables is certain to be
great, as, however good the insulating material forming the
conduit may be, and however water-tight the joints, there is a
difficulty in excluding dampness unless it is practically air-tight,
as damp air enters the conduit and condenses on it.

Several conduits have been made, however, with a view to
afford electrical as well as mechanical protection to the cables.
The Callender bitumen conduit, for instance, is well known here.
It is being extensively laid down by the Chelsea Electric Lighting
Company, and five hundred yards of it is being tried by the
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Metropolitan Electric Supply Company. For high-tension
currents its use is doubtful, but perhaps in the discussion some-
thing may be said on this point.

Vitrified 3-in. sewer pipes laid in concrete, with cement joints,
have been used in some instances for underground work.

The Lake conduit, shown in the
illustration (Fig. 1), is made from the
best stoneware clay vitrified and well
glazed. This conduit, said to be used
with success by the United States
Electric Lighting Company' at Wash-
ington, is constructed with six com-
partments, each being 2\ in. by 4£ in. It is delivered in short
lengths, and the joints are protected by stoneware covers set in
cement.

The Doulton conduit (Fig. 2) consists of a glazed eartheaware
pipe in which the cables are laid, separated by toothed insulating

FIG. 2.

partitions. A space at the bottom drains off the condensed
moisture, which is got rid of by suitable traps. The joints are
made like ordinary drain pipes.

A serious objection to such conduits seems to be the joints,
which are made with cement. It is very difficult to break a
cement joint without also breaking the pipe; and as it might be
necessary at times to put in a new length, this could not well be
done. Again, the rigidity of a cement joint is a disadvantage, as
in laying earthenware pipes it becomes necessary at times to alter
the alignment.

The Hurlbut conduit system (Fig. 3) was designed to overcome
this difficulty by means of a flexible joint. The joint is shown in
the diagram. C represents asbestos gaskets recessed into the
coupling and resting against the pipe; B is a cavity formed
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between the asbestos gaskets, and is filled with a permanently
plastic sealing material; A represents openings through which

FIG. 3.—HURLBXJT FLEXIBLE CONDUIT.

A Asbestos Gaskets. B Plastic Sealing. C Holes for filling in plastic material.

the sealing material is poured. It is claimed that such joints will
always remain both flexible and hermetically sealed.

Mr. B. Verity's conduit (Fig. 4). This is a system of glazed
stoneware clay conduit, with separate channel for each conductor.
The joints are made as shown on diagram, the double cone-piece
being inserted before the jointing material is run in. The special
object of this conduit is to enable bare conductors to be used,

FIG. 4.

insulated only at the manholes, or where they are likely to be
handled. Experiments have proved' this form to be capable of
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standing almost anything mechanically when laid on a fairly good
bottom. Mr. Verity has also patented a system of glass tubes in
iron pipes for the same purpose.

Pipes of glazed earthenware with several ducts form a good
mechanical protection, being capable of resisting considerable
crushing pressure; while the glazing both inside and outside
provides also, under certain conditions, a first-class electrical pro-
tection. If it be desirable that the conduit should be formed of a
non-conductor, then nothing could be better than such glazed
earthenware, which also is of no great cost. The difficulty of
maintaining good joints with earthenware pipes has been referred
to some time ago in connection with conduits for telegraph pur-
poses, several instances having been given by Mr. Preece and
others, of roots of trees, branches, and other vegetation having
made their way through the joints. Is this capable of being
overcome by a flexible joint, which should at any rate prevent
joints giving through expansion and contraction ?

The great disadvantage, however, to the use of earthenware
pipes in many places in a city like London is the amount of space
required for them ; in fact, the difficulty of laying any conduit at
all in some of our streets will be found simply enormous.

As a mechanical protection only, it is immaterial whether the
conduit be a non-conductor or not. The simplest form of such
a duct is, of course, an iron pipe; and the Western Union Tele-
graph Company, among others, have laid cast-iron pipes of 4 in.
and 5 in. diameter, with manholes at a distance of about 450 ft.
apart. In the majority of cases, however, the plan has been to
lay a number of separate iron pipes in a concrete bed, by which
arrangement the pipes can be crowded, or curved, or kept apart,
as may best overcome any difficulties or obstacles met with
underground. For instance, four pipes may be laid on the same
level in two layers; or where only a narrow excavation can be
made, the pipes can be curved round 'so that two pipes are abreast
in four layers. In this way the trenching is often materially
diminished. Screw-jointed asphalted wrought-iron pipes of 2
•or 3 in. diameter laid in hydraulic cement concrete are said to
present the greatest tightness of duct against gas and water,
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together with the greatest strength. (Illustration given—Figs. 5
and 6.)

FIG. 5.

Cement - lined sheet-iron pipes, however, possess some
advantages, such, for instance, as smooth interiors, and the

advantage of an iron enclosure, without
the cable being brought into contact
with i t ; and on the sheet iron being
eaten away, the cement still retains the
pipe form. Zinc tubes, again, have been
used, but are liable to be dented in; and
asphalted concrete is often preferred to
hydraulic cement concrete.

Whatever system of pipes be used,,
it is important that they should have
smooth interiors and close joints; and
every conduit, of whatever kind, must be

thoroughly well bedded, so as not to be liable to displacement
from above.

An ingenious conduit core (Fig. 7) has been devised by Mr-
Chenoweth: a wooden cylindrical rod 14 or 20 ft. in length is
cut in two, forming two half-cylinders, and the space removed is-
occupied by an iron rod having a thickness equal to the portion
sawed out. This forms the mandrill or core shown in the illus-

FIG. G.
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tration. A ribbon of galvanised iron 1 in. wide and a thickness of
No. 27 gauge is wound spirally round this from end to end,
securing the ends to the wood to prevent
unwinding.

After painting the outside of the core
with a mixture of clay, soapstone, and
water, the core is placed in the ditch on

' FIG 7

crossed pieces of wood. If more than one
duct is to be constructed, other cores are placed side by side;
concrete is then well tamped round, bringing the top to an even,
level. The iron rod is then removed, as well as the two pieces
of wood, and the fastenings of the ribbon ends. When the
cement hardens, the iron spiral can be drawn out at any manhole
or unfinished portion of the work. It is claimed that the surface
coating of clay and soapstone adheres to the interior of the duct
and produces a smooth surface, while a monolithic structure is
ensured, water-tight by reason of its construction. I think this
is another instance of American ingenuity.

The Johnstone iron conduit, shown in the illustration (Fig. 8),
is said to be very successful, and I saw portions of it as designed to
be laid in New York City. It is made in
sections about 6 ft. long, and has six ducts.
The three lower ones and the central duct
on the top could be used for mains, and the
two outer top ducts for house-to-house and
street lighting. Where any house circuit
is required the top half of a single section
is taken, and a new half-section with a FIG. S.
hole in it, to which an elbow can be bolted, is fixed in its place.

A form of conduit made by Mr. W. E. Irish, of Cleveland
(Fig. 9), is also worthy of notice. In the illustration the conduit
consists of a tubular pipe cast in sections, with flanges which are
recessed on the inside to receive a rubber ring, forming a gasket
between the two sections when bolted together. The conduit is
provided with a longitudinal slot or opening along the top, with
inwardly inclined sides and flat surfaces on either side of the slot,
to which the cover is secured by screws. To prevent the entrance-
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of moisture through this slot a strip of rubber or leather is first
laid on the top of the flanges, extended from one outer edge to
the other. On this a solid wedge-shaped piece which fits into the

FIG. 9.

slot snugly is placed so that on the cover being screwed down the
wedge, with the packing surrounding it, is forced into the slot so
as to seal it perfectly. It is claimed that there is great conve-
nience in laying wires with this conduit, and that any wire can be
tapped at any point by simply removing the cover and making
the necessary connections. The illustration represents the conduit
with a branch, also a junction box, &c.

Diagram Fig. 10 represents Mr. J. E. H. Gordon's system, as
used by the Metropolitan Electric Supply Company. The cables
are drawn into an iron pipe, and smaller iron pipes are led from

FIG. 10.

the house junction boxes to carry the wires for house lighting.
Testing boxes of a larger size, and built of brick, are provided at
intervals.

It is generally admitted that an important point in under-
ground work is good manholes. Mr. W. D. Sargent, in a paper
read before the National Telephone Association, 1888, said that
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within reasonable limits it is almost impossible to get these man-
holes or working chambers too large, and that they have been
compelled in many instances to rebuild and enlarge them after
some time.

There is no doubt they must be of good size for convenience
of drawing in and out. which is often a difficult matter, especially
with lead-covered cables. In one instance, in Chicago, the man-
holes are built in octagon shape, in brick and cement, about 4 ft.
square, being made air-tight with screw-head and rubber gasket;
and testing boxes placed in them, so that troubles can be readily
located, faulty wires drawn out, and good ones put in. In other
cases the manholes vary from 3 ft. 6 in. to 6 ft. deep, with iron curbs
and tops, and cement bottoms, and the covers made practically
tight against water; many of the lids draining the water from the
edge and collecting it in the centre, thus diminishing the liability
to leakage at the gasket. With the Johnstone and the Irish con-
duits it is not necessary to provide for house connections, as the
alteration can be made at any time afterwards when an application
for light is received. But, as a rule, hand distributing boxes,
made of cast iron, with screw-head and rubber gasket, are fixed,
one between every two houses, and after jointing, the boxes are
often filled with bituminous or insulating compound. In the
cement-lined pipe conduit system one pipe is occasionally placed
at the top for the house distribution, and connections made with
the mains at the manholes. As to the frequency of these latter,
much depends on the alignment of the conduit. At angles or
changes of grade small manholes are necessary.

The combination curb and gutter conduit (Fig. 11) shown in the
illustration is worth notice. The
curb and gutter is made of fine
concrete, one part of Portland
cement, ten parts clean sharp
sand, and three parts of broken
stone, and the exposed surfaces
coated with a granolithic mixture
1£ in. thick, such as is now used FlG- 1]-
for some of our London pavements. A conduit for electrical con-
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ductors of any reasonable size can be formed as shown in the
inner angle of the curb, with hand-holes from above closed with
iron covers at intervals. The illustration is taken from the
admirable report on underground wires by Major Eaymond, the
engineer commissioner for the District of Columbia, and which
contains valuable information on many points.

It was suggested some time ago that the curb-stones should
be removed from busy thoroughfares and replaced with a hollow
curb edged with cast steel, and the suggestion may bear fruit in
the future.

As I still have to deal with electrical conductors, I cannot
here refer to the general cost of laying conduits, as at one time
I proposed doing. The principal cost, however, of laying them
is in making good, and this depends on the material of the road,
the cheapest being macadam (varying from 5s. per square yard,
whereas asphalte would be nearer 20s. per square yard).

The difficulty of laying any form of conduit in some of our
London streets must, as I have already said, be very great. The
last comer will of course feel this the most; and although the
Hydraulic Engineering Company may have recently had much
trouble to find room for their pipes, the electric supply com-
panies, again, will have an easier task than the Telephone
Company, who are putting off the evil day.

As to what form of conduit is most suitable for London and
our provincial cities there will be differences of opinion, but I
trust the discussion following will narrow it down to a small issue
upon which such work can be undertaken with a tolerable surety
of its lasting success.

There is really sufficient subject-matter for a paper on
conduits alone, and in taking up the question of underground
conductors I propose to chiefly restrict myself to a consideration
of conductors for high-tension electric lighting circuits.

With regard also to underground conductors for low-tension
work, I feel that the Edison system, as at present laid down, is
thoroughly capable of filling all the requirements of house-to-
house distribution. Many companies in the States and else-
where are using it, and at the down-town station in New York



1889.] AND ELECTRICAL CONDUCTORS. 351

it has been at work for the past six years successfully. In the
recent discussion on Professor Forbes's paper several points
of interest concerning the Edison underground conductors
were explained, which it would be unnecessary for me here
to repeat. A full description of the latest developments of
this system, with samples of the improved form of conductors,
&c, are now on the ocean, and in the event of it being possible
to provide another evening for a continued discussion of this
paper, I shall be most happy to show and explain them.

Everyone must acknowledge the foresight shown in devising
such a complete system of underground mains so long ago, and
which, in spite of the all-round developments of electrical
engineering, not only holds its own, but is still far ahead in
completeness of any system for low-tension underground work.
The Westinghouse Company have, I understand, acquired the
rights for Great Britain, arid presumably will use it in connection
with large transformers for sub-centres. It may be also
interesting to note that Messrs. Siemens have made concentric
three-wire cables, which are being successfully used at Elberfeld,
Geneva, and Mulhausen, and they state that the troubles from
what would appear very complicated jointing have been satis-
factorily overcome.

It is underground conductors for high-tension currents that I
propose now to deal with. A principal point for consideration is
the necessity or not for lead sheathing where conduits or ducts
are employed.

As to the durability of lead much absurdity has been talked.
It is notorious that lead pipes have been in the ground under all
manner of conditions, and at the end of long periods are still
intact. There are no doubt certain clayey soils where lead has
not much lasting power, but the lead may be materially pre-
served by coating it with coal tar, well tapeing it, and again
soaking it in the coal tar or some such protective composition.
Again, as Dr. W. von Siemens recently said in reply to Professor
Forbes's paper, the manner in which the lead covering is generally
put on such cables, viz., by heating the lead to the point of
melting, and forming it in this condition round the cable, while
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passing through the press. There is no certainty of a uniform
thickness, and it is very difficult to obtain a tube through which
damp, in course of time, will not find an entrance, as air bubbles
and impurities in the lead are liable to make the covering porous.
A far better result is obtained by covering the insulated cable
with a cold-drawn lead tube, as the air which might still be
contained in the lead block is compressed to a minimum.

A theory as to partial wasting of lead covering on cables is
that it may occur from acid being present in the jute or fibrous
insulation, or, again, that the petroleum residuums may set up a
chemical action on the lead; but there has not been much
evidence on these points. Manufacturers of lead-covered cables
have admittedly put on too thin a coating of lead in the
earlier days; this has been gradually increased, and with proper
conditions and precautions there should not be much fear of its
durability.

Iron-armoured lead-covered cables are not necessary if an
effective system of conduits is used for mechanical protection.
In Berlin, where such cables are employed, they are simply laid in
a trench in the ground, and consequently require to be thoroughly
protected from mechanical injury. Lead alone is not sufficient.

Dr. Werner v. Siemens said in his recent paper that long
years of experience had taught him that although covered with
hemp or jute it requires further protection to render it secure
against mechanical injury, whether by men or animals, as even
rats eat their way through. Such protection is afforded by a
double spiral of sheet iron, which, again, is made secure against
oxidation by asphalting or galvanising, or by another cover of
tarred hemp or jute. Such armouring as this is quite needless
with a well-constructed conduit; but as to whether galvanic action
takes place, Dr. Siemens has undoubtedly shown by his firm's
experience that with a substantial layer of tarred or asphalted
jute between the metals it does not occur. This form of
armoured cable was laid at Munich for lighting the theatre, and
after nearly five years in the ground is as perfect as at first.
At other central stations at Elberfeld, Darmstadt, Greneva, Salz-
burg, Lyons, The Hague, St. Petersburg, their iron-armoured lead--



1889.] AND ELECTRICAL CONDUCTORS. 353

•covered cables prove that, constructed in this way, there need be
no fear of galvanic action at any rate.

Lead sheathing may be made durable, but the actual necessity
•of it where a conduit is used is quite another matter, and a
-consideration of the two principal divisions of insulating material
has considerable bearing on this point.

Of the fibrous and the homogeneous the latter seems to
present some important advantages for insulating high-tension
•cables. For instance, vulcanised rubber is flexible and tough, and
affords a continuous and homogeneous covering which should be
superior to a fibrous covering. Vulcanised rubber cables are at
times sheathed with lead for mechanical protection, but such is
not necessary if laid under good mechanical conditions, and Dr.
. Lant Carpenter recently said that the sulphur in the vulcanised
rubber would attack the lead in the same way it would copper.
If, as is stated by many English cable manufacturers, compound
vulcanised rubber will well withstand the deteriorating effects.of
•damp and gases, then, the mechanical protection being afforded
iby a conduit, the necessity of lead as a protector is no longer of
importance. It is true unprotected vulcanised rubber cables in
conduits have failed in the States, but the competition among
electric light companies in America is notorious, and the
question as to the maintenance of cables is not considered so much
as their relative first cost. The object of the American cable
manufacturers, naturally suiting their market, has been to make
•cables with a cheap form of vulcanised rubber insulation to
compete with the jute-insulated cables there, and which are
•cheaper. The vulcanised rubber evidently was not properly
prepared as it should be to permanently counteract the
•deteriorating effects of damp and gases by reason of the expense.

All those acquainted with tne rudiments of rubber manufac-
ture must be aware of the enormous difference in quality of
•different vulcanised rubbers. With Para rubber at 3s. per lb.,
•and the desire to sell it at a shilling, all manner of substitutes
and compounds have been introduced. While thoroughly
appreciating the energy and genius of American electricians, we
can confidently say that cables manufactured in this country are

VOL. XVIII. 25
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greatly superior to those made in the United States; and as a
basis for this belief we have the fact that most of the cables for
high-tension distribution in the States have proved faulty,
according to general admittance, while there is undoubted
evidence of the successful working of many vulcanised rubber and
jute insulated cables in this country and in Europe, made by
English manufacturers. The statement is made by the Silvertown
Co., Messrs. Henley & Co., and others, that they are absolutely
prepared to guarantee for a term of years their vulcanised rubber
cables unprotected by lead, even if laid in damp and leaky
conduits, provided there is suitable mechanical protection against
injury, and that the cables are laid under competent supervision.

With regard to fibrous insulating material, it is alleged that it
has the defect of opening cracks when bent. If this be the case,,
it would become more pronounced when the material is soaked
in resinous compound, and perhaps less so when petroleum1

residuums are used, such as, for instance, in ozite, kerite, bitite,
&c. If cracks are likely to be formed when the cable is bent
or twisted about, air paths would be opened up for disruptive
discharges.

In the working directions given for the laying of one of the
principal lead-covered cables in the States, it says: " The fibrous
" material, being superdried, will readily absorb and retain moisture
" from the air, and cables showing an insulation resistance of
" thousands of megohms when first made may after exposure of a
" small part of the core to moist air for a few hours show a great
" falling off of insulation resistance." Instructions are therefore
given as to carefully sealing the ends of the cable when laying.
Again, the splicers' hands are cautioned to be kept" perfectly dry,
" and free from perspiration, as a little moisture communicated
" to the insulation may result in vastly lowering the insulation
" resistance." These remarks written by manufacturers of such
cables show the readiness with which such fibrous insulation may
deteriorate under conditions likely to occur even if there be the
most careful supervision of the men laying the cables. It is
acknowledged to be absolutely necessary to cover jute or cotton,
insulated cables with lead, and it is in this fact that the weakness
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of such cables seems to lie, as the moisture- and gas-resisting
portion is the lead absolutely, the jute insulation being of little
value in this respect. Inasmuch as the majority of under-
ground cables in the States are insulated with such jute or
cotton soaked in some compound, it will be at once understood
why lead-covered cables are considered in America as the only
means for successfully carrying out such underground cable work,
especially when the cables are liable to be laid in leaky conduits.
It is right to say that apparently few troubles have been ex-
perienced in Euroj)e with underground conductors insulated with
fibrous material. Messrs. Siemens & Halske, who use a jute-
covered cable, but manufactured in a different way both as
regards the impregnating of the jute and the method of cold-
drawn lead sheathing, have a successful record, not only for low-
tension cables, but for the various concentric cables supplied to
Messrs. Granz & Co., of Buda-Pesth, for 2,000-volt alternating
currents. They assert that the troubles experienced with
American underground cables, whether jute- or rubber-insulated,
are comparatively unknown.

The question between what I broadly term lead-sheathed
jute or well-compounded vulcanised rubber seems to me the
momentous one, and, as usual, each one has certain claims.

It is well known that the cost of jute-insulated cables is less
than that of high-class vulcanised rubber insulation, but this
would have little weight unless they can be proved in every
respect equal to vulcanised rubber. In a comparison of the
different costs of such insulation, vulcanised rubber appears to
be about 25 per cent, more for approximately the same insulation
resistance. In making this comparison I took the cost of a
vulcanised rubber cable, insulated with one layer of so-called
pure, and two coatings of vulcanised rubber, taped, braided, and
coated with preservative compound, but not covered with lead, as
this is a superfluity, the cable being water-tight without this
addition. The jute-insulated cable I took as cased with lead, and
protected again by a covering of tarred jute yarn compounded.

After the relative cost comes the question of jointing ; and as
this is one of the most vulnerable points in any cable, it is of
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vital importance that the joints should be made as good as any
other part. With vulcanised rubber cables the joints must be
vulcanised, and first-class rubber men who would make such
joints speedily should be on the working staff. With lead-
covered cables a plumber would have to be employed, and I am
imformed by those who have had experience with both forms of
cables that the vulcanising is preferable to the plumbing.

Vulcanised rubber cables are certainly easier to handle, being
more flexible, ductile, and lighter, and this is of importance in
view of the difficulties occurring in drawing cables in and out of
a conduit.

Again, when lead-covered cables are coiled round a drum the
part nearest the centre becomes compressed, while the outer
portion is extended; on uncoiling the cable the opposite effect
is produced, the parts before compressed being now pulled out,
and the extended portion compressed. This is trying to an
inelastic substance like lead, the more so when, unlike an
empty lead pipe for water, it is filled with an insulated cable.
It is quite conceivable that the surface of the lead may be
slightly broken up, particularly when the method employed is to
cover the lead hot round the cable ; and although no cracks may
be visible to the eye, gas and moisture will find their way in very
quickly, with corresponding deterioration of the insulation.

Next, as to whether jute or vulcanised rubber is better suited
for insulating high-tension alternating cables no opinion can yet
be given. It is well known that on submarine cables working
with reversed currents, it is usual at times to give the cable a
rest. This necessity may be due to the action of the reversed
current on the insulation, and it would be interesting to know
how the much more powerful currents and rapid reversals of an
electric light circuit will affect the insulation of a cable after
carrying such currents for a considerable period. In some
interesting papers published last year by Mr. Addenbrooke, he
came to the conclusion that a high-tension alternating current
should have less effect on any dielectric than a continuous current
of the same potential. He argued that, owing to the rapid alter-
nations, there would not be sufficient time to fully charge the
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dielectric, as, before this could occur, the next charge would
sweep out the former charge, partially recharging it in the
opposite direction. But it would certainly appear that such an
action as this on a dielectric would be far more injurious than for
it to be kept in a fully charged condition as with a continuous
current.

From a careful review of what I have seen in the States and
elsewhere, I must confess that my own feeling is in favour of a
cable insulated with thoroughly good vulcanised rubber for high-
tension work; and I was interested to hear Sir William Thomson
say on Monday, at the Board of Trade inquiry, that if high-tension
conductors were protected in an iron pipe a lead sheathing to them
was not essential.

Those acquainted with the present manufacture of rubber
cables know that pure rubber proper is not used for their insula-
tion. However good the rubber may be, there is always a certain
amount of impurity and oils, which will set up decomposition
sooner or later. This is overcome by slightly vulcanising the
rubber, but so that there shall be no surplus sulphur to attack
the copper. In the high-class cables now made by the Silvertown
Company and others the practice is to put next the conductor
after cotton twist a substantial coating of pure india-rubber,
slightly vulcanised, upon this a coating of zinc rubber, with vul-
canising materials, and covering this a compound vulcanised
rubber of great resisting qualities to damp and gases. The zinc
rubber takes up the surplus vulcanising material of its two outer
coverings, so that the copper cable is not injured by the sulphur
used in the process. Such an insulation as this is as good as
could possibly be desired for any high-tension currents, and is
absolutely perfect so long as the covering is continuous; and as
the whole of the materials are treated at a temperature of 400°,
any rise in temperature of the conductor due to accidental over-
loading will not injure the insulation. With regard to the outer
protection of the compound vulcanised rubber, there may be still
scope for further improvement; and, for instance, in the cables
recently made by the Silvertown Company for the London Electric
Supply Corporation, two braidings of asphalted tape have been
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used, and this is found to be satisfactory. Among the instances
where vulcanised rubber cables have stood stringent tests has
been at Eastbourne, where Mr. Lowrie has used Silvertown cables,
laid in iron pipes, for two years, and states they are still in perfect
working order. He has also put down there a length of Fowler's
Tatham lead-covered cable for continuous-current high-tension
work, the fibrous insulation being well wrapped round several
times with tape. This has also been working successfully; and in
the House-to-House Company's station he proposes to try each
method of insulation on different circuits, although the advantages
of handling the india-rubber cables are in their favour.

The Silvertown Company have five miles of vulcanised india-
rubber insulated cable sheathed with iron wires at Brussels, with
1,400 volts constant current. This was laid in the sewers two
years ago, and is now quite satisfactory.

This company have also supplied two miles of such cable, but
with asphalted tape on the outside, to the London Electric Supply
Corporation, with 2,400 volts alternating current; the conductors
being laid in an iron pipe.

There are also samples on the table of a piece of Messrs.
Henley's vulcanised rubber cable that has been in use overhead
for ten years.

A difficulty with underground conductors in the States seems
to be disruptive discharges, and I trust the discussion may bring
forth information on this subject. Owing to the frequent punc-
turing of the insulation, attended with pinholes in the lead
covering, Mr. Acheson, the Waring Company's able electrician,
and whom I desire heartily to thank, turned his attention to
the matter, as the pinholes, by admitting moisture, defeated the
object of the lead sheathing, and proved fatal to the life of the
cable.

Mr. Acheson's theory is that the static electricity generated
in the cable after a time punctures the dielectric by discharging
itself between the copper conductor and the lead sheathing; and
the protector shown on the diagram (Fig. 12) is designed to obviate
this.

This consists of two metallic points separated by a distance
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which is less than the thickness of the cable insulation. The one
point is connected to the lead sheathing, and the other through
•a fuse wire to the copper conductor; the idea being that the
.static discharge would take the shorter path. between the points

PIG. 12.

instead of rupturing the insulation. Mr. Acheson says these
-dischargers should be placed at every section of a cable, and if
the sections are more than 200 feet long there should be one at
-each end.

To show the exceedingly minute path necessary for a dis-
charge, it may not be out of place to quote Mr. Acheson's
-experiment. A plate of glass about one-tenth of an inch thick
was broken in two pieces, and the two parts immediately fitted
to their former position and clamped. The restored plate was
placed between two discharging points, and so long as the points
were over the solid glass no discharge was obtained; but upon
removing it so that the line joining the points would lie in the
plane of the fracture, a discharge immediately occurred.

A possible cause of a disruptive discharge might be that on
high-tension circuits of great self-induction, as, for instance, on
arc lighting circuits where lamp coils form part of the line, the
induced current on breaking the circuit is very violent, and in
preference to discharging through the line, and consequently the
lamp coils, it gets away by rupturing the weak insulation, and
passing through to the outer earthed casing.

The exemption from such trouble is credited by many entirely
to a thicker insulation being used, and in calculating the insula-
tion for a high-tension cable it should be made sufficient to
withstand a disruptive discharge of this nature, and tested
accordingly. For instance, owing to the almost daily occurrence
of burn-outs with some cables in Chicago with & insulation, laid
in November, 1887, the four miles laid in December, 1887, had ^
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insulation, and the two miles laid early in March, 1888, have-
ns insulation. Careful experimental work is essential, before the-
sufficiency of insulation for such underground cables can be-
accurately determined, and our leading cable manufacturers-
naturally keep the results of such experiments to themselves.

Concentric cables, although so extensively used by Messrs.
Ganz, of Buda-Pesth, in their stations, do not appear as yet to-
have met with favour in the States. It is, of course, undesirable
to use ordinary lead-covered cables for alternating currents, both
on account of the loss from induced currents in the lead sheath-
ing and the annoyance to workmen handling them. If, for
instance, while handling a conductor conveying such a current,
the lead covering be insulated to any extent on eaeh side of
them, the workmen would receive the induced currents through
their bodies. Again, when the two legs of an alternating current
are in separate cables, and the cables laid in insulating materials,,
any chance contact or connection between the leads might cause
the induced currents to pass backwards and forwards at these
points, thus tending to cut away the lead covering as the result
of any sparking at poor contacts between the two leads. The-
Waring anti-induction cable, with both wires enclosed in one
sheathing, is well known, and in this the currents induced by
both wires, being equal in power and opposite in direction, tend to
neutralise one another.

Mr. Ferranti, by employing concentric cables for conveying,
the high-tension currents from Deptford Station, has brought such
cables into prominent notice in England. A concentric cable is
obviously the best on theoretical grounds for the elimination of
induced currents, as their reaction upon one another is necessarily
strongest in the axis of the current. The question as to the
necessity of insulating the outer conducter of the concentric
cable has recently had considerable attention given to it by Mr.
Preece on behalf of the Post Office authorities, and, as a result of
his experiments, they evidently must be so insulated. All the-
concentric cables made by Messrs. Siemens & Halske for Messrs..
Ganz & Co. are of the usual stranded-wire form, and the outside-
conductor, after being well insulated with jute, is covered with &.
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cold-drawn lead tube, having an outer iron armouring as pre-
viously described. These cables have been successfully used in
Eome, Tivoli, Turin, and Milan, in each case carrying a potential
of 2,000 volts.

The difficulty of making satisfactory joints with concentric
cables must be to a certain extent against them, as it is im-
possible to see what has been done inside. Messrs. Siemens say
that it can be readily accomplished, and the illustration shows
the manner in which the joints are made in their cables. The
Silvertown Company have made several forms of concentric
cables, highly insulated with vulcanised rubber, with considerable
success, for ship work, and they also have an arrangement for
constructing the joints.

As to whether concentric cables will be largely used in this
country, much depends upon the system of distribution employed.
For long lengths of cable used as feeders to sub-centres, or to
systems of distributing mains, they would be of considerable
advantage, as no joints would be required en route; but in
house-to-house distribution, with frequent joints, a pair of separate
cables near to each other would appear the more easy to handle
and the more practicable to operate*. In summing up this matter
it would appear that the relative advantages are as follows:—
1st. The greater convenience of making joints on separate leads,
as against the trouble involved with concentric cables. 2nd. As
regards the relative cost between two separate cables and
concentric cables with the same insulation resistance, vulcanised
rubber unsheathed concentric cables with outside insulation are
dearer, but with jute insulation for concentric cables and lead
sheathing they are cheaper. 3rd. There remains the increased
efficiency on an extensive system of alternating currents by the
use of the concentric form.

With regard to the second point, the figures showing these
are:—

For vulcanised rubber, two Silvertown | f conductors, insulated
to 5,000 megohms at 60° Fah., taped and braided over all,
specially prepared for underground work, £255 per mile each =
£510.
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A concentric conductor of equivalent capacity, the internal
conductor insulated to 5,000 megohms, as above, but the outer
to 3,000 only = £900, being a difference against the concentric
conductor of £390 per mile. If the outer insulation is reduced
to 1,500 megohms, the price falls to £630 per mile, which is £120
above the cost of separate leads.

On the other hand, for Messrs. Siemens's specially prepared
jute insulation two single conductors of same insulation, at £220
per mile each = £440.

A concentric conductor of equivalent capacity, the outside
insulated to 900 megohms, lead-sheathed, taped, and asphalted,
£363 per mile.

All cables for high-tension currents should be well tested
before leaving the factory. In other branches of engineering the
•engineer would not think of receiving his steam or hydraulic
pipes without first seeing them tested to, say, over twice their
working pressure; it is not sufficient for him to see simply that
they will hold water or steam, but he must satisfy himself that
they are strong enough for the pressure they have to carry. In
the same way the electrical conductors, which have to transmit
energy much as the steam and hydraulic pipes do, should be
tested to twice their working pressure. With the outside well
•earthed the current should be allowed to traverse the conductor
a considerable time, and an electrical test taken afterwards for
insulation. With electrical cables for underground work passed
in this way, and satisfactory in other respects, there should be no
fear of breakdowns under ordinary conditions.

In dealing with a subject of such wide extent and great im-
portance as this it is impossible to do justice to all the workers
in the field. I have left out much that may be considered
interesting and important, but the difficulty has been, with the
mass of information on the subject, what to put in and what to
leave out. Doubtless there are many instances of cables and
conduits having been successfully at work which have not been
mentioned in tkis paper, and I hope such information will be
forthcoming. If the discussion following be the means of clearing
up some of the doubtful points surrounding the subject of under-
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ground electrical work, and of demonstrating the direction in
which successful work should be undertaken, the object of this
paper will be fully accomplished.

The CHAIRMAN : Although Mr. Verity is unfortunately absent,
his assistant, Mr. Girdlestone, is here, and will answer any ques-
tion that he can; though, of course, the main body of questions
that arise in the discussion will be dealt with by Mr. Verity in his
reply, which will be published in the Journal.

I now invite discussion or comment upon the paper. There
are representatives of the Silvertown Company, and probably of
other cable manufacturing firms, present, and no doubt they are
•desirous of saying something on the subjects concerning them
which have been referred to in the paper.

Mr. W. E. GrRAY: I have listened with pleasure to the Mr. \v. E.
x _ Gray.

interesting paper we have had this evening, and agree, with
regard to the cables, with Mr. Verity on many of the points he
has raised; but as this question of underground cables has so
recently been discussed, I do not think I have anything to add
at present which might be of interest.

Mr. Verity appears to consider it to be a question as to
whether lead-covered or vulcanised india-rubber cables are the
best. Naturally I believe in vulcanised rubber, but would prefer
not touching on this matter now, but leaving it to be discussed
by others.

As to conduits, Mr. Hurlbert's idea, judging from his flexible
joint, appears to be to prevent moisture getting in. It seems to
me that any system laid underground which is dependent upon
the conduit itself excluding moisture [ would be a faulty one.
On such a matter we might appeal to the Post Office for their
experience in laying wires underground, or to the gas companies.
I believe that hitherto, in spite of the ingenuity of many
inventors and improvers, it has been found impossible to keep
moisture out, or, at all events, moisture to such an extent as
would materially affect any question of electrical insulation. It
•should be borne in mind that very little moisture in a fibrous
material might easily constitute a serious fault, owing to failure in
insulation; and however good, mechanically, the idea may be, still I


